National level
At first, the Imperial Research Institute was established in Pusa in the State of Behar in 1905. This institute also offered 2 years of training in the various disciplines of agriculture for agriculture graduates. As a result of serious damage to the infrastructure of the institute from to a violent earthquake, the institute was transferred to New Delhi. Central research stations under the control of the Imperial Institute were established: for sugarcane, at Coimbatore in the then state of Madras in 1906, and for potato, in the Simla Hills in 1935. These institutions have made significant contributions. It was at the Coimbatore Sugarcane Research Station that, as early as 1916, intergeneric hybrids between Saccharum officinarum L. and Narenga porphyiocana were made. The first successful commercial hybrid, C-205, between S. officinarum and Saccharum spontaneum was released in 1926.
For some other crops, such as cotton, jute, oilseeds, and tobacco, the government created autonomous bodies to coordinate and finance research in various states. The first autonomous body, the Indian Central Cotton Committee, was created in 1921. A significant development was the creation, pursuant to the recommendation of the Royal Commission on Agriculture, of the Imperial Council of Agricultural Research in 1929, an apex central body, to promote and coordinate agricultural research at state and national levels (Randhawa 1989 ).
The post-independence era in agricultural development
Independence resulted in the bifurcation of the country, and a major part of Punjab, the breadbasket of the country, became part of Pakistan. The specter of famine appeared in Bengal in 1942 Bengal in -1943 , when a large number of men, women, and children perished. In the late 1950s, India had to import large quantities of food grains, mostly from the U.S.A. under the PL-480 Program, and was faced with the serious problem of providing adequate food to the ever-increasing population of the country.
Although a nucleus of agricultural infrastructure, both at the state and national levels, already existed, it was inade-quate to meet the goals of the post-independence era. The manpower available for research and extension work in the states was very inadequate. There was little coordination between the various agricultural disciplines. Although research and education activities were located at the same place, and both were responsibilities of the director of agriculture of the state, there was hardly any interaction between them. At the national level, in spite of the coordinating responsibility of the Imperial Council of Agriculture Research, there was not much interaction between the scientists of various disciplines among various states. In the field of crop improvement, each breeder confined his activities primarily to the limited germplasm collected within a state, and that also from a limited area. Continuous pure-line selection had exhausted the possibility of any further improvement, and even hybridization did not lead to any significant progress, owing to the very limited genetic diversity of the parents used in the crosses. It was like stewing in one's own juice. A number of varieties of rice, wheat, and other crops developed in each state had very limited acceptance. Any increase in the yield potential of these improved varieties developed under the favorable conditions of the experimental stations was lost when grown on a cultivator's fields. The tall nature of these varieties and their susceptibility to lodging made them nonresponsive to intensive crop management. The breeders had reached a cul-de-sac. Any further breakthrough required the complete restructuring of the infrastructure, to bring close coordination among the various disciplines of agriculture at all levels-state, national, and international-for the free flow of ideas and material. It was against this backdrop that, immediately after independence, the Government of India made food self-sufficiency its primary goal, and made large investments in irrigation, fertilizer, and the development of research, education, and extension services.
Restructuring of agricultural education and research at the state level
To promote close coordination among agricultural education, research, and extension education on the one hand, and to forge close links between these agencies and the state field extension agency, as well as the farmers in the field, on the other, state agricultural universities (SAUs), based on the pattern of the land grant universities of the U.S.A., were set up. It was felt that a close link between research and education would help to foster education based on the latest results of research instead of on mere text-book teaching (Bush 1988) . A teacher can teach only as long as he is learning himself. Similarly, a close link between the research workers and the farmers would help the former to have a first-hand understanding of farmers and problems in the field, enabling them to carry out need-based research. A close link between the university, the state field extension agency, and the farmers would also help to provide a quicker transfer of the available technology. The extension education wing of these universities, through the continuous training programs of the field extension staff, would be able to provide a more confident and technically better trained field staff to solve the farmers' day-to-day problems. With these ends in view, the first agricultural university was set up at Pantnagar, Uttar Pradesh, in 1960. Today, there are 29 agricultural universities. The number of agricultural universities in a state varies, depending on the size of the state and its regional requirements. The responsibility for agricultural research and education, which, until then, had belonged to the state's department of agriculture, was transferred to these universities. However, the degree to which research was transferred from the state to the universities depended on the degree of commitment of a state to this concept. Some states still continue some research activities outside the university. Further, some general universities and technological institutes with facilities in agriculture and related sciences continue to undertake teaching and research work in agriculture. In addition, a number of private agricultural colleges affiliated with the general universities also continue to impart agricultural education. There is some duplication but, by and large, the objectives under which the state agricultural universities were established have been realized, and proper coordination between various institutions has been achieved through central coordinating agencies.
Restructuring of agricultural education and research at the national level
At the national level, the Indian Council of Agricultural Research (ICAR) (the Imperial Council of pre-independence India) is the apex body responsible for aiding, promoting, and coordinating agricultural research in the country (Gautam 1989 In its coordinating role, the ICAR has brought together all research activities carried out all over the country (by the central institutes, the state agricultural universities, the general universities, and the volunteer agencies) through the creation of All India Coordinated Projects. The first "coordinated" project was created for maize in 1957. Such projects now exist for all other major crops, and for other fields of agriculture, as well. These projects played a key role in the rapid generation of material and the identification of varieties suited to various conditions. The mechanism of interdisciplinary-based multilocation testing generated the necessary information in a very short period of time, and facilitated the simultaneous development of agroecology-specific production technology. This also helped to initiate the bringing together of all the researchers working on a project from all over the country at workshops held annually to review results and exchange ideas and material. A personal relationship among these research workers was built. It helped to develop very healthy competition and to create great enthusiasm among the workers. Without these projects, the rapid progress achieved in developing varieties of wheat and rice following the introduction of dwarfing genes through the international institutes would, perhaps, not have been possible.
Development of technology
Agricultural technology is location-specific. It is not always possible to transfer a technology from one region to another. First, an attempt was made to introduce maize hybrids developed in the U.S.A. Their high-yield potential of a 30-50% increase over the local varieties was very impressive, but their dent-type grain and late maturity made them quite unacceptable. In the earlier phase, the Rockefeller Foundation helped by providing field and laboratory equipment, scientific personnel, and germplasm. An intensive maize breeding program to develop indigenous hybrids was launched. The first double top-cross hybrids with a 30-40% increase in yield over the local varieties were made available in the mid-1960s. Now, three-way and single-cross hybrids have also been released for cultivation.
In the case of rice, the semidwarf early maturing and photo-insensitive variety Taichung (native) 1 and the tropical japonica varieties Tainan 3 and Taichung 65 from Taiwan were introduced (Paroda 1989) . The sticky grain quality and susceptibility to bacterial disease, in spite of their very high yield potential, soon led to their nonacceptance. In the meantime, the variety IR8, developed at the International Rice Research Institute (Philippines) using dwarfing genes and introduced into India in the mid-1960s, became the forerunner of the rice revolution. Its nonlodging habit (an ideal plant type for utilizing maximum solar energy), photoinsensitivity, and wide adaptability made it an ideal variety. The first Indian variety, Jaya, with the yield potential of IR8 but maturing earlier, was released in 1968. IR8 and Jaya have played the most significant role in bringing about the rice revolution in India.
In the case of wheat, Dr. Borlaug's International Wheat Nursery material carrying semidwarf Norin 10 genes was first planted at the Indian Agriculture Research Institute in 1961-1962. This exposed the Indian wheat breeder, for the first time, to a new plant type that could help in breaking the yield barrier (Braun et al. 1995) . At the request of the Indian government, the Rockefeller Foundation helped by supplying seeds of dwarf wheats and arranging visits of Rockefeller Foundation scientists. Dr. Borlaug spent 1 month in India in 1963. After visiting a number of wheat research stations and having discussions with the wheat breeders in India, he provided 100 kg of seeds of 4 advanced lines, along with 630 early generation lines. These advanced lines were tested in several locations in [1963] [1964] . As a result, two semidwarf lines, Lerma rojo and Sonora 64, carrying Norin 10 dwarfing genes, were selected. These two lines were tested all over the country in 1964 -1965 (Paroda 1989 ). This exposed the farmers to the enormous yield potential of new varieties and made new genetic sources available to the breeders. This, in turn, enabled them to develop high-yield varieties of acceptable grain quality and adaptability. Later, two new varieties, Kalyansona and Sonalika, were developed (Nagarajan 1998) , which proved to be of wide adaptability and became the dominant varieties for large wheat areas. The result was the revolution of wheat production in India (Swaminathan 1978) . The importance of these varieties lay not only in their high-yield potential, but also in their photo-insensitivity and wide adaptability. The wheat varieties available in India earlier had to be planted within a short period of time, that is, no later than mid-November. Any further delay in planting resulted in such significant reductions in yield, that late planting of wheat was not considered economical. In the rice-growing areas where the crop was harvested by the end of October and planting could not begin until much later, fields remained fallow for the rest of the season. With the cultivation of early dwarf varieties of rice, the paddy fields became available earlier to plant the subsequent crop (Khush 1995) and, then, owing to their photoinsensitivity, dwarf varieties of wheat could be planted late without significant reduction in yield. This brought large areas under wheat cultivation without the replacing of any crops. The wide adaptability of these varieties also made it possible to introduce wheat in nontraditional areas. This progress was, however, the result of the multidisciplinary approach and close national and international coordination that resulted from the new organizational structure.
Supply of inputs
The new high-yield varieties needed intensive management and could not be exploited to their highest potential without an adequate supply of water, fertilizers, and highquality seed (Kanwar 1997) . Even before the high-quality varieties became available, the Indian Government had embarked on a program of harnessing water resources and making irrigation water available even to remote areas not previously irrigated. Large projects, such as the construction of the Bhakra Nangal Dam in Punjab and the Arjunsagar Dam in Andhra Pradesh, had been started. To generate more electric power, a nuclear plant was established in Uttar Pradesh and hydro-electric dams were constructed. The availability of electric power in the villages made it possible for farmers to tap groundwater by sinking tube wells.
The availability of high management responsive varieties increased the demand for fertilizer. This led to the setting up of a number of fertilizer factories, mostly in the private sector. Along with these factories, many agrobased industries arose, generating employment opportunities for a large number of people.
Seed production
After a new variety is developed, the quantity of breeder seed available is very limited. The shorter the time in which this seed can be multiplied and made available to the maximum number of farmers in the largest possible quantity all over the country, the quicker the benefits of their use will be felt. Further, the high percentage of purity of these varieties, particularly of hybrids, has to be maintained to exploit their full yield potential. The small seed farms that had already been established in each state were quite inadequate for such a large undertaking. In 1963, the Government of India established the National Seeds Corporation (Seth and Misra 1998) . In 1966, the Indian parliament passed a law requiring compulsory labelling and voluntary certification, to ensure that seeds of notified varieties of a crop would conform to certain minimum standards and to a certain minimum level of purity and germination (Central Seed Committee 1971) . The act provided the basis for establishing a central system for seed quality. State seeds corporations and seed certifying agencies were established (National Seeds Corporation 1986). At present, a large number of private companies, both national and international, are in operation. This has made it possible to make high quality seeds available to the farmers.
Human resources
To man the large number of newly established agricultural universities, central institutes, and the new research projects started at both national and state levels, a large cadre of trained manpower was required. Fortunately, a large number of very well-developed general universities, with scientists well-qualified in the basic sciences, already existed in the country (Lele and Goldsmith 1989) . Soon after World War II, in 1946, when the transfer of power to India was being envisaged, the government had selected hundreds of bright young people from all over the country to receive higher training in different branches of agriculture science and technology in the U.K. and the U.S.A. This made a band of well-qualified and highly dedicated scientists available to meet the new post-independence demands.
The professional competence of agricultural scientists continues to be updated through in-service training and placement in advanced laboratories under bilateral agreement with foreign countries and international agricultural research centers (R.K. Singh 1998). The continuous multilateral cooperative programs involving the United Nations Development Programme (UNDP), the United Nations Educational, Scientific, and Cultural Organization (UNESCO), the Food and Agriculture Organization (FAO), the Swedish Agency for Research Cooperation (SAREC), and developing countries have helped in the exchange of information, experts, and ideas, as well as provided laboratory equipment.
Transfer of technology
In spite of the availability of high-yield varieties and the necessary inputs, the so-called green revolution would not have been possible without the willing and active cooperation of millions of farmers, who were handicapped by their very small holdings, limited financial resources, and a resistance (of many of them) to accepting anything new. Their subsistence farming did not allow them to take any chances, as they had no buffering capacity against crop loss. Starvation always stared them in the face. In the past, the transfer of some half-baked technology had hurt some of the adventurous ones and had further alienated them. It was no easy task to build a bridge between the extension worker and the farmer. The extension worker must be able to talk in a language that the farmers will understand and be on the same wavelength. It is in this area that the state agricultural universities played a key role, by forging a very harmonious relationship, first, between the university and the state department of agriculture responsible for field extension work (Prasad 1989) . The majority of the scientists working in the universities were the sons and daughters of farmers and knew how to communicate with them. The farmers were no longer in awe of the big buildings of the universities or of the scientists working there. Holding annual farmers' fairs in the universities brought hundreds of farmers into close contact with the university scientists and extension workers. The farmers were treated with respect, and proper attention was given to their problems. The scientists and extension workers worked shoulder to shoulder in the farmers' fields. The enthusiasm of the field workers was contagious. Once a trust was built between the farmers and the scientists, the acceptance of new technology was quick. It was, however, a two-way street. Not only did the farmers learn from the university, but the research workers also learned from the farmers and acquired a first-hand knowledge of their problems. This helped in carrying out need-based research.
Inspiring leadership
The progress of any nation depends on its economic policy and the kind of leadership the country has. The priority given to achieving self-sufficiency in food production, as shown by putting all the elements for food production together in a very short period of time, produced phenomenal success. This, however, would not have been possible without the honest and dedicated leadership that India was fortunate to have after independence. Everyone was dedicated to the cause of uplifting and modernizing India to bring it into the 20th century. The first prime minister of India, Pandit Jawaharlal Nehru, was a man of great vision and compassion. It was he who asserted that "everything else could wait but not agriculture" (Randhawa 1989) .
The relationship between the father of the nation, Mahatma Gandhi, and Pandit Nehru can be compared only with that of Swami Ram Krishna Param Hansa and his disciple Swami Vivekananda. As Swami Vivekananda carried the message of his mentor all over the world, Pandit Nehru put the dreams of his mentor into action by developing a free egalitarian democratic society and alleviating poverty and modernizing India. By his very presence, he electrified the masses and energized them into action and, in return, was himself energized by this contact. India loved Nehru and he loved India. It was this atmosphere of dedication to work that prevailed in India at this time that led to so much progress in such a short time.
The green revolution in India was not a coincidence, but was the result of proper public policies, the creation of appropriate infrastructure, inspiring leadership, dedicated workers, and the resilient spirit and hard-work of the Indian farmer. It was the bold decision taken by Sri.C. Subramaniam, Minister of Agriculture in the Government of India in the late 1960s, regarding the import and spread of the improved seeds, as well as the insitituting of some other important measures, that ushered in the green revolution. He was belatedly awarded India's highest honor, Bharat Ratna, in 1998 (D.P. Singh 1998). The scientific leadership provided by Dr. M.S. Swaminathan was equally laudable. His contribution was well-recognized when he was awarded the prestigious world food prize. The green revolution was also a shining example of success in international cooperation. However, the spurt of growth achieved in the 1960s and 1970s has now plateaued, and no dramatic breakthrough is in sight (Swaminathan 1989) . The capacity of the leadership to inspire people is waning and the enthusiasm and dedication of research and field workers appears to be sagging. The fast rate of growth of the population is overtaking the slow rate of growth in agricultural production. If this trend continues, India will not only soon be importing food grains, but the specter of the famines of the pre-independence era may return. To avoid such a catastrophe, the nation, on the 50th anniversary of its independence, will have to rededicate itself to the arduous task ahead, by revitalizing its manpower and leadership, making better use of its existing resources through narrowing the gap between the potential and what is actually harvested, by making greater investment in research to develop new technologies in soil and crop management, and by reducing fraud and the waste of available resources.
